Vertebrate embryos define an anatomic plane of bilateral symmetry by establishing rudimentary anterior -posterior and dorsal -ventral (DV) axes. A left -right (LR) axis also emerges, presaging eventual morphological asymmetries of the heart and other viscera. In the cylindrically symmetric Xenopus egg, the earliest steps in DVaxis determination are driven by microtubule (MT)-dependent rearrangements of localized maternal components toward the future dorsal side. LR axis determination is known to be closely linked to this DV-specifying process, but thus far, no left-or rightward bias in determinant localization has been identified. We recently uncovered an unambiguously chiral polarization of the egg's cortical cytoskeleton that may function in biasing left-or rightward actin-dependent translocation of determinants important for LR specification: Xenopus eggs treated with butanedione monoxime (BDM) undergo an unusual, large-scale cortical reorganization, with actin fibers aligning circumferentially about the equator, and the animal hemisphere shearing in an invariably counterclockwise direction past the vegetal hemisphere. Inhibitor experiments indicate that this torsion depends on the reorganization of preexisting cortical actin rather than new actin polymerization and is MT-independent. Significantly, BDM treatment during the first cell cycle randomizes heart and gut LR orientation and induces embryonic axis duplication, confirming that the cortical torsion perturbs normal determinant localization. This study was supported by the National Science Foundation (IBN 0419664). KR received a summer undergrad fellowship from the M. J. Murdock Charitable Trust. The left-sided induction of the Nodal signaling cascade is required for asymmetric organ morphogenesis and conserved among vertebrates. Events upstream of nodal induction are controversial. In mouse, motile monocilia on ventral node cells rotate and produce a leftward fluid flow, which is instrumental for correct laterality development. We studied symmetry breakage in rabbit embryos and found a conserved cilia-driven fluid flow. Cilia were, however, not localized on Hensen's node but on the posterior notochordal plate. Histological and marker gene analysis of mouse and rabbit embryos suggested that the Fnode_ in mouse did not correspond to the organizer but to the posterior notochordal plate.
Vertebrate embryos define an anatomic plane of bilateral symmetry by establishing rudimentary anterior -posterior and dorsal -ventral (DV) axes. A left -right (LR) axis also emerges, presaging eventual morphological asymmetries of the heart and other viscera. In the cylindrically symmetric Xenopus egg, the earliest steps in DVaxis determination are driven by microtubule (MT)-dependent rearrangements of localized maternal components toward the future dorsal side. LR axis determination is known to be closely linked to this DV-specifying process, but thus far, no left-or rightward bias in determinant localization has been identified. We recently uncovered an unambiguously chiral polarization of the egg's cortical cytoskeleton that may function in biasing left-or rightward actin-dependent translocation of determinants important for LR specification: Xenopus eggs treated with butanedione monoxime (BDM) undergo an unusual, large-scale cortical reorganization, with actin fibers aligning circumferentially about the equator, and the animal hemisphere shearing in an invariably counterclockwise direction past the vegetal hemisphere. Inhibitor experiments indicate that this torsion depends on the reorganization of preexisting cortical actin rather than new actin polymerization and is MT-independent. Significantly, BDM treatment during the first cell cycle randomizes heart and gut LR orientation and induces embryonic axis duplication, confirming that the cortical torsion perturbs normal determinant localization. This study was supported by the National Science Foundation (IBN 0419664 The left-sided induction of the Nodal signaling cascade is required for asymmetric organ morphogenesis and conserved among vertebrates. Events upstream of nodal induction are controversial. In mouse, motile monocilia on ventral node cells rotate and produce a leftward fluid flow, which is instrumental for correct laterality development. We studied symmetry breakage in rabbit embryos and found a conserved cilia-driven fluid flow. Cilia were, however, not localized on Hensen's node but on the posterior notochordal plate. Histological and marker gene analysis of mouse and rabbit embryos suggested that the Fnode_ in mouse did not correspond to the organizer but to the posterior notochordal plate.
Investigation of timing aspects indicated a very narrow time window for cilia-mediated events of about 2 h. In Xenopus, molecular asymmetries were found at early cleavage stages, in particular highly localized expression patterns of H+/K+-ATPase and serotonin. Functional relevance was shown by experimental manipulations using pharmacological inhibitors. Here, we show motile monocilia on the posterior notochordal plate of Xenopus embryos, which produce a leftward fluid flow like in mouse and rabbit. Cilia were characterized by expression of Lrd, Polycystin-2, and -most significantly -H+/K+-ATPase and serotonin. Our data demonstrate that a leftward cilia-driven fluid flow at the posterior aspect of the notochordal plate presents a conserved constituent of left-right development in amphibians and mammals upstream of the Nodal cascade. We previously reported that Tumorhead (TH), a Xenopus maternal gene product, is involved in the neural tube morphogenesis through a cell polarization mechanism that is conserved from the yeast to the vertebrate (Development 128:3381 -3393; Developmental Biology 255:290 -302; BBRC 325:439 -444). We found that in fission yeast Schizosaccharomyce pombe, the distribution of TH to the cell cortex was dependent on Shk1, the yeast homolog of PAK1. Here, we report that TH and Xenopus PAK1 (X-PAK1) are functionally related during Xenopus neurulation.
(1) TH distribution to the cytoplasmic membrane of neural cells is under the positive control of X-PAK1. (2) Loss of X-PAK1 activity impedes neural plate cells' ability to form the neural fold, to proliferate, and to differentiate. These phenotypes are identical to the neural defects induced by the loss of TH. (3) The targeting of TH to the neural cell cortex by expressing CAAX-tailed TH enhances TH function and rescues the neural fold defect induced by the loss of X-PAK1 activity. (4) TH is an in vitro substrate for X-PAK1. Our results were obtained through the analyses of neural plate cells that gained or lost X-PAK1 kinase activity by expressing either constitutively active X-PAK1/DE kinase or X-PAK1/KR inactive (dead) kinase. Our results suggest that TH and X-PAK1 work in the same pathway during neurulation. This study was supported by grants from NSF (L.D.E.). We have used 4D confocal microscopy to study cell divisions in the spinal cord of intact Xenopus embryos during neural tube closure. Using a histone-GFP, we find that the divisions of secondary neurons in the spinal cord are highly polarized, dividing predominantly at a 50 -60-angle with respect to the midline. To study mitotic spindles dynamics a Tau-GFP was utilized. This has revealed that mitotic spindles in these cells initially set up in a random orientation and then rotate rapidly into this polarity. By use of a Clip170-GFP growing and shrinking microtubules were examined. We find that astral microtubules probe the cell cortex during spindle rotations, indicating that some polarization cue may be present at the cortex to guide spindle orientation. In contrast to similar polarized cell divisions in the fish, disruption of previously studied planar cell polarity genes, such as Dishevelled and Frizzled, had no effect on this polarity. However, we do find evidence of a requirement of Cdc42 in polarizing these cell divisions. Work to examine how this protein is involved in spindle orientation and rotation is underway. a2-Macroglobulin is a major serum protein with diverse functions, including inhibition of protease activity and binding of growth factors, cytokines, and disease factors such as h-amyloid. We have cloned and characterized Panza, a new Xenopus laevis a2-macroglobulin. Panza has 56-60% amino acid similarity with previously identified Xenopus, mouse, rat and human a2-macroglobulins, indicating that Panza is a new member of the a2-macroglobulin family. Panza mRNA is first detected at the beginning of neurulation in the dorsal endoderm lining the primitive gut (archenteron roof). At the completion of neurulation and continuing through the late tadpole stage, Panza is restricted to a dorsal domain of the gut endoderm adjacent to the notochord and extending along the entire anterior -posterior axis. With outgrowth of the tailbud, Panza expression persists in the chordaneural hinge at the posterior end of the differentiating notochord and extends into the floor plate of the posterior neural tube. As gut coiling commences, Panza expression is initiated in the liver and the dorsal domain of Panza expression becomes limited to the midgut and hindgut. With further gut coiling, strong Panza expression persists in the liver but is lost from other regions of the gut. The expression of Panza in endodermal cells adjacent to the notochord points to a potential role in signal modulation and/or morphogenesis of the primitive gut. We are developing frog genetics in Xenopus tropicalis and have identified eighteen confirmed mutations so far. We show that multigenerational mutant analysis is feasible and demonstrate that mutations can be identified, propagated, and readily characterized using hybrid, dihybrid, and even trihybrid crosses. Here, we document our progress in developing Xenopus as a genetic model organism. Several of the mutants are described including a recessive mutation leading to a defect in chromatoblast stem cell differentiation. The mutant shows normal melanocyte development but lacks the two other types of skin pigment cells: iridophores
